Abstract While many reports describe health-related quality of life (QOL) among breast cancer survivors, few compare QOL before and after diagnosis and whether changes in QOL substantially differ from changes experienced by all women during aging. QOL was examined in a cohort of female residents of Beaver Dam, Wisconsin, aged 43-86 years at the time of a 1988-1990 baseline examination (N = 2,762; 83% of eligible). Participants were recontacted four times through 2002 to ascertain QOL using the 36-item Short Form Health Survey (SF-36). QOL data for 114 incident breast cancer cases identified by data linkage with the statewide cancer registry were compared with data for 2,527 women without breast cancer. Women with breast cancer averaged 4.5 (95% CI: 1.6, 7.3) points lower than control women on the SF-36 Physical Component Summary (PCS) scale, regardless of time since diagnosis (up to 13 years). Women with breast cancer also reported lower scores on the SF-36 Mental Component Summary (MCS) scale within two years after diagnosis, but not at more distant times. In longitudinal analyses, 26 women who completed the SF-36 before and after breast cancer diagnosis experienced larger declines than agematched controls in seven of the eight SF-36 health domains (all but role-emotional) and reported relative declines of -7.0 (95% CI: -11.5, -2.6) and -2.9 (95% CI: -6.3, 0.6) on the PCS and MCS scales, respectively. These results suggest that breast cancer survivors experience relative declines in health-related QOL across a broad spectrum of domains, even many years after diagnosis.
Introduction
Over 2 million women in the United States are living with breast cancer [1] . With the success of early detection through mammography and improving therapies, more women faced with a breast cancer diagnosis are surviving longer [1, 2] . For these reasons, issues of quality of life (QOL)-not just length of survival-merit receiving greater attention from researchers, clinicians, and survivors.
QOL as an outcome has been incorporated within many clinical trials of cancer-directed therapy [3] [4] [5] . Clinical studies often evaluate QOL as a secondary outcome (with primary outcomes defined as clinical response, disease-free survival, or overall survival) in relation to different chemotherapy regimens or surgical approaches, the occurrence of lymphedema or menopausal symptoms, or the efficacy of complementary or alternative therapies. Treatmentbased studies are often limited to the first year or two after diagnosis [6, 7] , and these unique patient populations may not be representative of all survivors [8, 9] .
Although many studies have reported on QOL in survivors according to treatment, few studies have examined baseline or personal characteristics before treatment initiation in relation to QOL after treatment [10] . In general female populations, overall QOL tends to decrease with higher age and increasing number of comorbid conditions [11] . Independent of specific diseases, QOL scores in breast cancer survivors also tend to decrease as Karnofsky performance status scores decrease or the total number of comorbid conditions increases [12, 13] . Further, the relation between age and changes in QOL after diagnosis is complex. Several studies have evaluated age in relation to QOL in breast cancer survivors and asymptomatic control women either using a single cross-sectional assessment [14] or using repeated assessments of QOL to examine changes in breast cancer survivors (but not controls) over the course of their treatment and recovery [15] [16] [17] [18] . The studies that have examined differences in QOL and functional status at more than one time point in women with invasive breast cancer as well as comparison women without breast cancer have suggested that physical limitations and declines in functional status are greatest in younger women [19] [20] [21] [22] . These results indicate that studies of QOL in breast cancer survivors are needed that include a comparison group of women without breast cancer and carefully account for age and co-existing health conditions to understand the unique effects that breast cancer has on QOL, separate from the effects of aging.
We examined health-related QOL outcomes among women with and without breast cancer who participated in the Beaver Dam Studies. This long-term and well-described cohort population provided a unique opportunity to evaluate QOL both before and after the breast cancer diagnosis.
Methods
The source population for this analysis consists of female participants of the Beaver Dam Studies which have been investigated extensively to evaluate eye disease [23, 24] , hearing loss [25, 26] , and other health outcomes [27, 28] . The recruitment methods and characteristics of this population have been previously described [24, 29, 30] . Briefly, residents aged 43-84-years old of Beaver Dam, Wisconsin, were identified by a private census from September 1987 to May 1988. Of the 5924 residents who were identified and invited to participate in the study, 4926 (83%) completed a baseline examination between March 1988 and September 1990. This included 2762 women. The study was approved by the University of Wisconsin Institutional Review Board and all participants provided written informed consent.
Data collection
Cohort participants were contacted for data collection as many as six times since 1988. After baseline, all eligible cohort participants were invited to two follow-up examinations (at five and ten years) as part of the Beaver Dam Eye Study [29, 30] . Concurrent examinations of the full cohort for the Epidemiology of Hearing Loss Study occurred with the Eye Study during 1993-1995 and 1998-2000. The Epidemiology of Hearing Loss Study also included an examination limited to older participants (75 years of age and older) during 1995-1998, and an additional interview of the cohort during 2000-2002 [25, 26] . Additionally, a random sample of 1653 participants in the baseline examination was selected for examination in the Health Outcomes Study during January 1991-September 1992 and again 18-24 months later during the five year follow up examination [27] . Participation exceeded 80% at each examination.
Health related QOL. The Medical Outcomes Study Short Form 36 Health Status Survey (SF-36) [11, 31] is a generic 36-item health status instrument, measuring eight domains of health: physical functioning (PF), role limitations because of physical problems (RP), bodily pain (BP), general health perceptions (GH), vitality (VT), social functioning (SF), role limitations because of emotional problems (RE), and mental health (MH). Each scale is scored on a range from 0 (poorest health) to 100 (best health). The two norm-based Physical Component Summary (PCS) scale and Mental Component Summary (MCS) scales are calculated from these eight scales. Three scales contribute primarily to the PCS scale (physical functioning, bodily pain, role limitations because of physical problems), two scales contribute primarily to the MCS scale (social functioning, role limitations because of emotional problems) and the remaining three scales contribute substantially to both summary scales (vitality, general mental health, general health perceptions). The SF-36 questionnaire also contains the self-rated overall health question, ''How would you rate your overall health now?'', with five answer options ''excellent'', ''very good'', ''good'', ''fair'', and ''poor''.
The SF-36 was administered four times between 1991 and 2002 to the Beaver Dam Cohort. It was asked to a random sample of the cohort during 1991-1992 and to these same selected participants during the 1993-1995 five-year follow-up (686 of 839 were successfully reinterviewed). The SF-36 was administered to the Epidemiology of Hearing Loss cohort during 1998-2000 and 2000-2002. Additionally, at the baseline visit as well as the five-and ten-year follow up examinations, participants were asked ''How would you rate your overall health now?'', with four answer options ''excellent'', ''good'', ''fair'', and ''poor''.
Covariates. Extensive information regarding comorbidities, menopausal status, lifestyle factors (smoking, physical activity), anthropomorphic measurements (height, weight) and demographics (age, education, income, marital status) was collected at the 1988-1990 baseline and fiveand ten-year follow-up visits. Comorbidities included hypertension, angina, myocardial infarction, stroke, arthritis, diabetes, and emphysema. (Fig. 1) . Forty-one women provided SF-36 information after their breast cancer diagnosis but not before (including 12 women diagnosed prior to the first administering of the SF-36 during the 1991-1992 interview period). Twenty-two women provided SF-36 information prior to their breast cancer diagnosis but not afterwards (7 of these women died during the study). Twenty-five women diagnosed with breast cancer did not attend any of the 4 examinations where the SF-36 was administered (13 of these women died during the study).
Fifteen self-reported breast cancer diagnoses during follow-up were not confirmed by the Wisconsin Cancer Reporting System. These women were excluded from the study.
Analyses
All analyses were performed using SAS Statistical Software (Version 9; SAS Institute, Inc., Cary, North Carolina). All calculations of SF-36 scale scores were performed using the scale scoring exercise (second edition) in SAS provided by the Medical Outcomes Trust.
Two sets of analyses were performed: a cross-sectional analysis and a longitudinal evaluation of change in QOL. The first was a cross-sectional comparison of SF-36 scores between women with and without breast cancer. A woman diagnosed with breast cancer during the study could contribute SF-36 information to both groups (the pre-diagnosis survey(s) to the ''control'' group and post-diagnosis survey(s) to the ''breast cancer'' group). Least squared means for SF-36 scale scores and p values were calculated using multivariable analysis of variance including a covariate for age. An unstructured correlation matrix was used to account for repeated SF-36 measurements on individuals, with the empirical method for calculating standard errors [32] .
In the second set of analyses (longitudinal), women who completed an SF-36 before and after a breast cancer (1991-1992 and 1993-1995) were selected. Two of the 26 women with breast cancer could not be successfully matched. For these two women, the age requirement for matching was loosened to 10-year strata. This yielded a cohort of 26 women with breast cancer and 104 women without breast cancer. For all participants, the reference age was defined as the age at completion of the earlier SF-36 questionnaire (in this example, age at the 1991-1992 interview). Chi-squared and Fisher's Exact tests were used to compare the self-rated health status at the reference interview and the change in self-rated health status at follow-up of women who would go on to develop breast cancer to women who remained free from breast cancer. Multivariable logistic regression models were used to calculate odds ratios (OR) of a decline in self-rated overall health and 95% confidence intervals (CI). A decline was defined to include any progression from a higher to lower level of self-rated health (e.g. excellent to very good, good to poor, etc.). Multivariable logistic models were adjusted for age, self-rated overall health at the reference interview, time between interviews, body mass index and the number of comorbidities.
Linear regression was used to compare the change in SF-36 scores among women with and without a breast cancer diagnosis. The outcome variable represented the difference between the particular SF-36 scale at follow-up and the reference score. Multivariable linear models were adjusted for age, the particular SF-36 scale score at the reference interview, time between interviews, body mass index and the number of comorbidities.
Results
Among the 2656 women in the study, 114 women were diagnosed with a primary breast cancer between baseline and the end of follow-up in 2002. These included 15 in situ, 58 localized, 31 regional, and 8 distant staged cases (2 were missing stage information). The mean age at baseline was 62.6 years (SD = 11.5, range = 43-86) for women without breast cancer and 63.4 years (SD = 10.3, range = 45-84) for women who developed breast cancer.
Cross-sectional QOL Compared to women without breast cancer, women who developed breast cancer were more likely to be overweight and to report more comorbidities (Table 1 ). There was no significant difference between the responses to the four-option self-rated overall health question at baseline (P = 0.41).
Compared to women without breast cancer, women with breast cancer reported lower scores on the physical function, physical role function, bodily pain, general health, vitality, and social function scales, as well as the PCS scale (Fig. 2) . No differences were observed on the emotional role function, mental health, or MCS scales. After age adjustment, women with breast cancer at the time of the survey averaged 4.5 points lower on the PCS scale than women without breast cancer (40.4 vs. 44.9; 95% CI for difference: 1.6, 7.3; P = 0.002). There remained no significant difference in the MCS scale between women with and without breast cancer after age adjustment (54.2 vs. 54.8, respectively; P = 0.58). Further adjustment for other covariates did not substantially affect these results.
Stratifying women with breast cancer by time since diagnosis at the time of the interview revealed significant variation in the relation between breast cancer status and the SF-36 summary scales (Fig. 3) . After age-adjustment, women with a breast cancer diagnosed less than two years prior to completing the SF-36 scored 3.6 points lower (95% CI: 0.3, 7.0) on the MCS scale than women without breast cancer (51.1 vs. 54.8, respectively; P = 0.03). However, women who had been diagnosed more than two years ago did not report lower scores on average on the MCS scale. In fact, women diagnosed with breast cancer eight or more years prior to completing the SF-36 scored 2.4 points higher (95% CI: 0.2, 4.6) on the MCS scale than women without breast cancer (57.2 vs. 54.8, respectively; P = 0.03). For the PCS scale, women with breast cancer reported lower scores compared to women without breast cancer regardless of time since diagnosis. The lowest PCS scores were observed among women diagnosed between 2.0 and 3.9 years prior to their completion of the SF-36 (38.5 vs. 44.9; P = 0.0002), which was the only category to reach statistical significance. Similar results were obtained when women who died during the course of the study were excluded from the analysis.
Stage at diagnosis did not appear to modify the relation between the MCS scale and breast cancer status. However, women diagnosed with regional or distant staged breast cancer scored most poorly on the PCS scale (37.7 vs. 44.9 for women without breast cancer, age-adjusted; P = 0.002).
Longitudinal change in QOL Twenty-six women completed an SF-36 questionnaire before and after their diagnosis. Age at diagnosis ranged from 48 to 93 years, with mean 70.1 years (SD = 11.9). Thirteen of the diagnoses were localized breast cancer, seven diagnoses were regional, four cases were in situ, and two diagnoses had unknown stage. On average, the women completed SF-36 surveys 1.9 years (SD = 1.6) before their diagnosis and 2.0 years (SD = 1.3) after diagnosis. The mean time between SF-36 surveys was 3.8 years (SD = 2.0, range = 2.0-8.1) for women diagnosed with breast cancer and 3.7 years (SD = 1.8, range = 0.9-8.4) for women without breast cancer. At the reference interview (prior to diagnosis), women who went on to develop breast cancer were more likely to report worse self-rated overall health than age-matched women without breast cancer (P = 0.04). Over one-quarter (26.9%) of women who went on to develop breast cancer reported fair or poor health at the reference interview, compared to 6.8% of women who did not develop breast cancer. After diagnosis, women with breast cancer were 3.6 times as likely (95% CI: 1.5, 8.8) to report a decline in selfrated overall health status compared to women without breast cancer (P = 0.01). After adjusting for age and selfrated overall health at the initial visit covariates, women diagnosed with breast cancer were 13.4 times as likely as women who were not diagnosed with breast cancer to report a decline in self-rated overall health at the follow-up interview (95% CI: 3.6, 50.9; P = 0.0001). Further adjustment for other covariates did not significantly influence this estimate.
Overall, women diagnosed with breast cancer declined in each of the eight scales of the SF-36 health instrument, as well as the PCS and MCS scales (Fig. 4, Table 2 ). The largest declines were observed in general health (-15.2), physical functioning (-11.9), vitality (-11.7), and social functioning (-9.8). In all but the emotional role function scale, women diagnosed with breast cancer suffered larger declines in health than women who remained free from breast cancer. Relative to the controls, women with a breast cancer diagnosis had statistically significant declines in all scales except emotional role function, after adjusting for age and the relevant initial score. After additional adjustment for multiple covariates, the results were not substantially changed (Table 2) . After multivariable adjustment, women diagnosed with breast cancer reported relative declines of -7.0 (95% CI: -11.5, -2.6) and -2.9 (95% CI: -6.3, 0.6) on the PCS and MCS scales, respectively, compared to controls.
Discussion
In both cross-sectional and longitudinal analyses, we found that women diagnosed with breast cancer reported poorer health-related QOL compared to women without this diagnosis. Women with a breast cancer diagnosis reported lower scores in six of the eight SF-36 domains, as well as the PCS scale. Similarly, after a breast cancer diagnosis women were more than 10 times as likely to report a decline in self-rated health compared to age-matched control women, and suffered larger declines in seven of the eight SF-36 domains, as well as the PCS scale. The observed differences in the SF-36 scales were substantial (often exceeding 10 points) and remained after controlling for age, health status prior to diagnosis, number of comorbidities, and other covariates.
Several studies have evaluated the association between age at diagnosis and the impact of a breast cancer diagnosis. Satariano [19] found an interaction between age and the reporting of upper-body limitations three months after diagnosis (P = 0.02), with the magnitude of the case/control differences least pronounced for the oldest age group (75-84 years) and larger for younger age groups. Reassuringly, case/control differences in upper-body limitations were not significant 12 months after diagnosis because the cases tended to regain their upper-body strength during the first year (P = 0.67). Other studies suggest that the psychosocial impact of a breast cancer diagnosis is greater in younger women than in older women [20, 33, 34] , including a study by Broeckel [20] which reported that younger age was positively related to poorer mental wellbeing and greater depressive symptomatology. In our study we did not detect an interaction between breast cancer status and age at diagnosis for either the MCS or PCS scales (P interaction = 0.77 and P interaction = 0.56, respectively). There was insufficient power to evaluate interactions in the longitudinal analysis.
In addition to the Satariano [19] and Broeckel [20] studies, only three published reports-all from the Nurses Health Study-have examined differences in functional status before and after a breast cancer diagnosis in women with breast cancer compared to women without breast cancer [21, 22, 35] . Nekhlyudov [35] found that women with ductal carcinoma in situ experienced significant shortterm declines in the psychosocial QOL domains. In an analysis of health-related QOL following an invasive breast cancer diagnosis, Kroenke [22] expanded on the preliminary analysis of Michael et al. [21] Kroenke [22] Fig. 4 Health status at baseline and follow-up interviews for women with breast cancer and age-matched women without a breast cancer diagnosis, by SF-36 scale described both relative and absolute changes in functional status among 1,082 female nurses diagnosed with invasive breast cancer and 121,887 female nurses without breast cancer between 1992 and 1997. Younger (ages 29-40 years), middle-aged (ages 41-64 years), and elderly women (ages ‡ 65 years) diagnosed with breast cancer during follow-up maintained their level of vitality relative to women without this diagnosis. Breast cancer survivors in all three age groups reported similar slight declines in physical function relative to women without breast cancer, although absolute declines were greatest for elderly women (about 10 points). Breast cancer survivors in all three age groups reported significant declines in physical role function, bodily pain, and social function relative to women without breast cancer. However, declines were greatest among young women (9 to 19 point decline). While the young breast cancer survivors reported significant absolute and relative declines in mental health (2-4 points), only the elderly breast cancer survivors experienced significant losses in emotional role function (5-8 points). These results may not be broadly generalizable to all breast cancer survivors since, as nurses, the participants in the Kroenke study may be better prepared to anticipate the effects of breast cancer treatments and obtain support in dealing with their diagnoses. In addition, socioeconomic status and baseline QOL scores in the Nurses' cohorts were higher than the general population [11, 22] .
Similarly, we found that breast cancer survivors reported lower health-related QOL across a broad spectrum of domains. In the cross-sectional analysis, women with breast cancer reported lower scores on the physical function, physical role function, bodily pain, general health, vitality, and social function scales. Little difference was observed in the emotional role function and mental health scales. Likewise, in the longitudinal analysis, declines were observed in each domain except emotional role function. It appeared that the relative scores compared to control women were lowest in the physical health as compared to mental health domains. In both the cross-sectional and longitudinal analyses, survivors reported poorer scores on the PCS scale. In the cross-sectional analysis, no difference was observed on the MCS scale between women with and without breast cancer; a small relative decline in the MCS scale was observed in the longitudinal analysis but this did not achieve statistical significance.
Among women with a diagnosis of breast cancer, most dimensions of QOL are generally poor immediately after breast surgery, although most women begin to recover within the post-operative year [15, 36] . It is unknown whether this post-treatment improvement achieves levels similar to those prior to diagnosis. According to the study described by Kroenke [22] , certain QOL domain levels may stabilize throughout the survival period, while other domain levels decline depending on age. We similarly found that as time increased since diagnosis, PCS scale scores decreased to a low 2-4 years after diagnosis, after which no further declines were observed (adjusting for age). For the MCS scale, women recently diagnosed re- ported substantial deficits compared to control women, however, those diagnosed more than two years prior reported similar levels as controls, perhaps even surpassing control women with increasing time since diagnosis. Vacek [37] suggests that breast cancer reduces QOL by a magnitude similar to other health problems. However, each health condition probably does not impact quality of life similarly, and they most likely interact so that the combined effect is not simply the sum of each contributor. Many older women report multiple comorbid health conditions. In the Beaver Dam population (men and women, mean age 64 years), 82% of participants reported at least 1 medical condition, and 62% of participants reported 2 or more [27] . In our cross-sectional analysis we found no evidence that the number of comorbid conditions significantly influenced the association between breast cancer status and PCS or MCS scale scores (P interaction = 0.57 and P interaction = 0.16, respectively).
Our study, while having many strengths, involved a few limitations that should be considered. Not all women participated in every health assessment over the course of follow-up, either because of refusal, loss to follow-up, or because random sub-samples were selected. Incomplete participation and relatively small numbers of cancer cases may have contributed to the observation that women with breast cancer had lower SF-36 scale values prior to diagnosis than women without breast cancer. However, response rates were outstanding throughout follow-up, ranging between 81% and 89%, and losses to follow-up were minimal, so that the participants likely are representative of the larger Beaver Dam population. Women in the study were of varied socioeconomic and educational status and all aged greater than 45 years. Nevertheless, residents of Beaver Dam, Wisconsin are overwhelmingly of European ancestry and may not be representative of older women in minority racial and ethnic groups.
In conclusion, our study provides further evidence that relative to control women, breast cancer survivors experience declines in health-related QOL across a broad spectrum of health domains. Particularly among the physical health domains, this deficit in QOL remains even 10 years or more after the breast cancer diagnosis. Future studies will continue to clarify the potential modifying effects of age, comorbidities, and other factors on the QOL impact of a breast cancer diagnosis.
